MAY-30-2006 TUE 03:53 PM EXXONMOBIL 



FAX NO. 281 834 1231 



P. 
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Attorney Docket No. 2003B0S5 

SUPPORT FOR THtt AMENDMENTS 

Claims 1-23 are cancelled and replaced by new Claims 24-32, which find support 
as follows: 

Claim 24 as in original Claim 10, with the butadiene hydrogenation indicated as 
occurring first and thereafter isobutene oligomerization catalyst, as in original Claim 21, 
to specify that butadiene in the olefinic stream is hydrogenated in the first process step to 
butenes, butanes or C5+ oligomers and that isobutene in the second process step is 
oligomerized to butene oligomers which are dimers and trimers, with support for these 
latter two limitations being found in paragraph [0026] and [0029], and to add a third 
process step (c), support found in paragraph [0035]; 

Claim 25, as in original Claim 3; 

Claim 26, as in original Claim 4; 

Claim 27, as in original Claim 7; 

Claim 28 as in paragraph [0039]; 

Claim 29, as in original Claim 18; 

Claim 30, as in original Claim 19; 

Claim 3 1, as in original Claim 20; 

Claim 32, as in original Claim 17, 

It is believed there is no possibility of new matter. 
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REMARKS 

Claims 24-32 are in the case. 

Applicants have amended the claims to be consistent with the claims in the 
corresponding PCT application. The references cited in the Written Opinion in said PCT 
application, as well as the written response thereto, are attached to the present response. 

The rejections made in the Official Action mailed 2/7/06 are believed overcome 
by the above amendments, which present entirely new claims. 

Claims 1-3, 6, 7, 9-12, 15-16, 18, and 21 were rejected under §102 and Claims 22 
and 23 were rejected under §103, over the patent application to Marchionna et aL (U.S. 
2004/0010171). 

There are at least three differences between the present claims and the process 
taught in Marchionna et al. (paragraph [0016] et seq. of the reference). 

First, the present claims require that butadiene be selectively reacted to form, 
among other species, C 5 + oligomers. The reference does not teach this. Rather, 
butadiene is only hydrogenated. See paragraph [0019] of the reference. 

Second, in the reference's step (d) (paragraph [0020], dimerized isobutene is 
separated from the non-reactants in the stream and not cojoined therewith, whereas in the 
present Claim 24, the species are all sent in a single stream to the next step, after selective 

dimerization of isobutene. 

Third, there is no step in the reference that fairly suggests step (c) of the present 

claims. 

Accordingly, the reference cannot anticipate nor feiriy suggest the present 
invention. 

Claims 4-5, 13-14, and 19 were rejected under §103 over Marchionna et al. in 
view of Polanek et al. The Polanek et al. reference is directed to a catalyst and the 
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conditions for selective hydrogenation of butadiene and cannot cure the deficiencies of 
Marchionna et al. 

Claims 8, 17, and 20 were rejected under 103 over Marchionna et al. in view of 
Sakurada et al The Sakurada et al. reference is directed to the oligomerization of 
isobutene and cannot cure the deficiencies of Marchionna et al, set forth above. 

Accordingly, in view of the above arguments in conjunction with the 
amendments, it is respectfully requested that the rejections under §102 and §103 be 
withdrawn. 

There being no further issues, Applicants respectfully urge that the present 
application is in condition for allowance and early indication of such is earnestly 
solicited. 

Respectfully submitted, 



Date 

ExxonMobil Chemical Co* 

Law Technology 

P.O. Box 2149 

Baytown, Texas 77522-2149 

Phone: 281-834-1886 

Fax: 281-834-2495 
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PATENT COOPERATION TREATY 



From the 

INTERNATIONAL SEARCHING AUTHORITY 



To: 



see form PCT/1 



L 



Applicant's or agenrs file reference 

see form PCT/ISA/220 




PCT 



. WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43£»fe.1) 



Date of mailing 

(dayfaonthfyezr) see form PCT/ISA510 (second sheet) 



FOR FURTHER ACTION 

Sao paragraph 2 below 



International application No. 

PCTAJS2004/D19340 



International filing date (day/hnonth^ar) 
17.06-2004 



Priority date (dayAnonthfrBar) 
22,08.2003 



International Patent Classification (IPC) or both national classification and IPC 

B01 J35/0O, C07C2/12, C07C7/177, C07C7/163, CO7C505, C1OG6506 



Applicant 

EXXONMOBIL CHEMICAL PATENTS INC, 



This opinion contains indications relating to the following items: 



SI Box No. I 

□ Box No. II 

□ Box No. Ill 

□ Box No. IV 
S Box No. V 

□ Box No. VI 

□ Box No. VII 
S Box No. VIII 



Basis of the opinion 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
LacK of unity of invention 

Reasoned statement under Rule 436/5.1 {a)(t) with regard to novelty, inventive step or industrial 
applicability; cftatlons and explanations supporting such statement 

Certain documents cited 

Certain detects In the International application 

Certain observations on the international application 



FURTHER ACTION 

If a demand for International preliminary examination is mado, this opinion wilt usually b «"^^^ 
written opinion of the International Preliminary Examining Author^ ("I PEA") - However, this doe, 5 ^PP^ Qre 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has > notifed the 
imernational Bmeau under Rule 66.1 Ws(b) that written opinions of this International Searching Authority 
will not be so considered. 

tf this opinion is, as provided above, considered to be a written opinion of JholPEA, J^*"^ 

submit to the IPEA a written reply together, where appropriate, with ame ndmente before th€ 

months from the date of mailing of Form PCT/4SA/220 or before the expiration of 22 months from the priority date, 

whichever expires later. 

For further options, see Form PCTASAfi20. 

For further details, see notes to Form PCT4SA/220. 



Name and mailing address of the ISA: 



Euro pa an patent Office 
O-80Z98 Munich 

Tel +49 B9 2399 - O Tx: 523656 apmu d 
Pax: +49 09 2399 - 4485 



Authorized Officer 

Be&selmann, S 

Telephone No. +49 89 2399-8401 



Cj>) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 
PCTAJS2004/0 19340 




1 With regard to the language, this opinion has been established on the basis of the international application in 
the language in which it was field, unless otherwise Indicated under this item. 

□ This opinion has been established on the basis of a translation from the original language into the following 
language , which is the language of a translation furnished for the purposes of international search 
{under Rules 12,3 and 23.1(b)). 

2 With regard to any nucleotide andtor amino acid sequence disclosed in the international application and 
' necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

□ a sequence listing 

□ tabla(s) related to the sequence listing 

b. format of material: 

□ In written format 

□ in computer readable form 

c. time of filingjTumishing: 

□ contained In the international application as filed, 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority for the purposes of search. 

3. □ In addition, in the case that more than one version or copy of a sequence ( f i r^ r , [ ^J^^rtrtSR^T^ 0 

has been filed or furnished, the required statements that the information in the su ^^f[.^ d ^ nal 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

4. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 
PCTAJS2004y019340 



Box No V Reasoned statement under Rule 436/S.1 (a)(i) with regard to novelty, Inventive step or 
Industrial applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Inventive step (IS) 



Industrial applicability (IA) 



Yes: Claims 

No; Claims 

Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 



3,4,10,12 
1,2,5-9,11 



V12 



1-12 



2. Citations and explanations 
see separate sheet 



Box No. VIII Certain observations on the International application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 



International application No. 



PCT/US20047019340 



item V 



Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1 , Reference is made to the following documents: 
D1: US 2002/002316 A1 
D2: US 2003/100811 A1 
D3: US-A-4 645 576 
D4: US-A-5 227 553 



2. DOCUMENT D1 

2 1 D1 relates to a process for the production of hydrocarbons w'rth a high octane 

number. The process involves the selective dimerization of isobutene contained in a 
hydrocarbon cut having a low isobutene content (linear olefin : isobutene ratio > 3). 
see paragraph [0001]. The hydrocarbon cut may contain isobutane, isobutene, n- 
butane and n-butenes (paragraph [0029]; table 2). D1 teaches to eliminate any 
diolefins from the feed, e.g. by selective hydrogenation paragraph [0031]. 

The subject-matter of independent claims 1 and 2 is therefore not novel. 

2.2 Dependent claims 3-1 2 do not appear to contain any additional feature which might 
support novelty and/ or inventive step, the reasons being as follows: 

RE claims 3, 4: 

A hydrogenation step is taught in D1 (see item 2.1). Hydrogenation catalysts are 
generally known, see D4 (col. 2. lines 50-55; examples). 

RE claim 5: 

D1 mentions acid catalysts such as caBonic exchange resins, silica-alumina or zeolite 
as suitable oligomerization catalysts (paragraph [0013]). 



RE claims 6-8: 

Any diolefins are eliminated from the feed, I.e. prior to the oligomerization step 



Form PCT/Separate Shoot/237 (Sheet 1) {EPO- January 2004) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 



International application No. 
PCT/US2004/01 9340 



(paragraph [0031]). 
RE claim 9: 

In the process of D1 , unconverted butenes are recovered (paragraphs [0042], 
[0043]). 

RE claims 1 0, 1 1 : 

The selection of suitable hydrogenation conditions is considered to fall within the 
common practice of the skilled person. The process conditions used in 
oligomerization are known from D1 (see claims 8, 9 of D1 ). 

RE claim 12: 

Zeolite beta is known from D2 to be suitable for selective isobutylene dlmenzation 
(paragraphs [001 1 ] - [001 3] of D2). 



3. DOCUMENT D3 , 
3.1 D3 also relates to a process for isolating high purity 1 -butene. The process involves 
the oligomerization of isobutene using a silica-alumina catalyst (claim 1 of D3; col. 2. 
fines 8-33). According to D3, the starting material needs to be deprived of butadiene 
(col. 2, lines 51-54). D3 does not specify any method for removing butadiene. 
However, several alternative processes for removing butadiene are known to the 
skilled person, one of the processes being the selective hydrogenation (see D4, col. 
1 , lines 42-64 and claim 1 ). 

For these reasons, no inventive step is present in the subject-matter of at least 
independent claims 1 and 2 in view of D3 in combination with D4. 



Bfi Item VIII 

Certain observations on the international application 

4. Although claims 1 and 2 have been drafted as separate independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each other 
only with regard to the definition of the subject-matter for which protection is sought 



Form PCT/Separato Shael/237 (Shoot 2) <£PO- January 2004) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 



International application No. 
PCT/US2004/01 9340 



The aforementioned claims therefore lack conciseness and as such do not meet the 
requirements of Article 6 PCT. 

5. Claim 8 defines a process involving a first and a second reactor, i.e. two reactors. 
This definition is not consistent with the optional feature defining the use of 
-preferably a single reactor". The subject-matter of claim 8 is therefore unclear, 
contrary to Art. $ PCT. 



Form PCT/Saparato Sheet/237 (Sho« 3) (EPOJanuary 3004) 
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December 30, 2004 



International Searching Authority 
European Patent Office 
D-80298 Munich 
GERMANY 



Via Facsimile 49 89 2399 - 4465 



Re: ExxonMobil Chemical Patents, Inc 

International Patent Application. No. PCT/US2004/019340 
Applicant's Reference No. 20O3B085 

Dear Sirs, 

This reply is submitted in response to the Written Opinion of the International Searching 
Authority (WO-1SA) dated October 28, 2004. The Demand for Examination under PCT Chapter 
n is being filed concuirently herewith. A copy is attached. Since the Demand for Examination 
under Chapter II was properly filed the deadline for response to the WO-ISA is three months 
from the date mailed or 22 months from the priority date, whichever is later. Thus the deadline 
for reply to the WO-ISA in this Application is calculated to be January 28, 2005. 



1. Claim Amendments 

We are submitting several amendments to the claims pending in this PCT application as 
shown on the attached Amended Claims pages. In particular, the claims are rewritten as follows: 

Original Claim 1 is cancelled leaving original Claim 2 as the sole independent claim in 
the case. This original Claim 2 (new Claim 1) has been rewritten in several respects. 



l^POLAWfro^ulionVGMCC Pr«^u.ionV:005Br.S;O003Bn8* - PCT-30O?B(*5 PCT - 200^27. R«f*m« K, ISA WO.dOC 
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In the first place, original Claim 2 has been rewritten to indicate that the contacting of the 
olefinic stream with the butadiene hydroeenation catalyst comes first in the claimed process and 
that this olefinic stream is thereafter contacted with the isobutene oligomerization catalyst. 
Support for this amendment of original Claim 2 is found in original Claims 6 and 7 which are 
hereby also cancelled along with original Claim 1. 

* 

In the second place, original Claim 2 is also rewritten to specify that butadiene in the 
olefinic stream is hydrogenated in the first process step to butenes, butanes or Cs* oligomers and 
that isobutene in the second process step is oligomerized to buiene oligomers which are dimers 
and trimers. Support for these amendments to original Claim 2 is found in the description at 
Page 6, Paragraph [00261 and Page 7, Paragraph [0029], respectively. 

In the third place, original Claim 2 is further rewritten to add a third process Step (c) 
wherein the olefinic stream is sent to a C 4 recovery section wherein oligomers formed in the first 
two process steps are separated from the olefinic stream. Support for this addition of a third 
process step is found in the description at Page 8, Paragraph [0035). 

■ 

Also by the amendments presented, original Claim 8 is rewritten to change "first 
reactor" and "second reacmr" to "first catalyst bed" and "second catalyst bed." Support for this 
amendment can be found in the description at Page 9, Paragraph [0039]. 

Also by the amendments presented, original Claim 9 is rewritten editorially in light of 
the addition to original Claim 2 (from which this Claim 8 depends) of the recitation of a C 4 
recovery step. 

In light of the several claim cancellations and amendments, the claims have been 
renumbered and their dependencies changed. A clean copy of such amended and renumbered 
claims is set forth on replacement claims Pages 12-13 submitted herewith. 
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2. Novelty 



In the Written Opinion, the Examiner indicates that original Claims 1 and 2 and certain 
other claims dependent therefrom are allegedly not novel in light of the Dl reference (U.S. 
Patent Publication No. 2002/0023 1 6). The D 1 publication discloses a process for the production 
' of hydrocarbon fuels having a high octane number by selectively dimerizing isobutene in a 
hydrocarbon cut containing relatively large amount of n-butenes. Since Dl also indicates that 
"diolefins" in the hydrocarbon cut "should be eliminated by means of typical removal treatment 
(for example extractions or selective hydrogenations)", the Examiner has concluded that Dl 
teaches all of the elements of Claims 1 and 2 of the present PCT case. Reconsideration of this 
position on the novelty of original Claims 1 and 2 (now consolidated into a new Claim 1), and 
the selected claims dependent therefrom, is respectfully requested in light of the claim 
amendments and remarks made herein. 

In the first place, the focus of the Dl process is not the cleanup of an olefin stream to 
provide feedstocks containing linear butenes and low levels of isobutene impurities. Rather the 
purpose of the "selective" oligomerization of isobutene in the C 4 fraction in Dl is to produce a 
reaction product which is selectively high in the isobutene dimer, as opposed to the C l2 isobutene 
trimer and heavier isobutene oligomers. The Example 1 of Dl in fact converts only 85% of the 
isobutene in a hydrocarbon stream which contains 1 1 % isobutene, thereby leaving a C 4 fraction 
which is still too high in isobutene conient for many commercial process wherein linear butene- 
containing feedstocks are to be used. Further, the C< fraction from which the dimerized and 
oligomerized iso-butene materials are removed, contains both n-butcnes and n-butanes in 
unspecified amounts. Such a "purified" stream is then partially recycled in order to provide the 
requisite n-butene content and relatively high ratio to isobutene in the feed to the oligomerization 
reactor. 

In the second place, with respect to the nature of the feed to the Dl oligomerization 
reactor, Dl merely says in Paragraph [0031] that "diolefms" should be eliminated. There are, of 
course, many other diolefms besides butadiene, and Dl does not specify any particular or 
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specific types of diolefins to be removed. There is simply no disclosure in Dl of a feedstream 
which specifically contains, as in the present invention, linear butenes, isobutenes and 
butadienes. 

In the third place, Paragraph [0033] in Dl is silent with respect to when in theDl process 
the "diolefins" are lo be eliminated from streams containing mono-olefins or, for that matter, 
why such diolefins need to be eliminated. The amended claims of the present application now 
expressly require removal of butadienes prior to isobutene oligomerization, and there is. no 
specific teaching in Dl of this required sequence. 

Finally, Paragraph 0031 of Dl itself notes thai diolefins can be eliminated by means of 
extractions as well as by selective hydrogenalion. This teaching does not suggest that one would 
be any better than the other in the context of the Dl process or in the context of the Applicant's 
process. 

■ 

In light of the foregoing considerations, it is submitted thai Dl fails to teach all of the 
specified essential elements now recited in the main claim of the present application. Such an 
amended main claim (and claims dependent therefrom) are therefore novel over Dl . 

3. Inventive Step 

In the Written Opinion, the Examiner urges that ihe claims in the instant PCT application 
lack inventive step in view of D3 (US-A-4,645,576), which discloses removal of isobutene from 
G, fractions via oligomerization, in combination with D4 (US-A-5,227,553) which discloses 
removal of butadienes from C A streams by hydrogenaiion. Reconsideration of this conclusion 
on inventive step in light of the claim amendments made herein is also respectfully requested. 

D3 discloses a process for isolating and recovering 1-butene from butane-butene fractions 
containing isobuytlenc, n-bmane and isobuiane in addition 10 1-butene. This is accomplished by 
olieomerizina isobmvkne, but not until the isobutane coniem of the fraction has been reduced to 
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less than 0.1% via rectification. D3 does indicate that the starting mixture of C 4 hydrocarbons 
should be "deprived" of butadiene. But, as the Examiner concedes, D3 discloses no particular 
method of getting rid of butadiene. 

D4 discloses a process for the two stage selective hydrogenation of crude high-butadiene 
G, cuts to provide products higher in buienes. D4 notes that such products, after butadiene 
content has been reduced, can be further processed. Such further processing possibilities are said 
to include conversion of isobutene to ten-butyl ether or alcohol, isolation of isobutene, isolation 
of 1-butene and dimerization of n-butene. But significantly, oligomerization of isobutene to 
reduce its content in the cut is nowhere mentioned in D4 as a further processing possibility. 

So we have a situation here where neither of the applied references suggests its 
combination with the other. D3 provides no suggestion to remove butadiene by any particular 
process, much le$s the specific selective hydrogenation process of D4. D4 provides no 
suggestion whatever to further treat its butadiene-reduced fraction by means of isobutene 
oligomerization while suggesting different further treatment procedures instead. Given this 
situation regarding the relationship of these applied references and the nature of their respective 
teachings regarding possible additional pre- or postprocessing steps, it is respectfully submitted 
that the Examiner's reference combination of D3 with D4 is one made in hindsight with the 
benefit of the Applicant's own disclosure. It is urged therefore that the amended claims 
presented herein are indeed inventive, even in light of the D3 and D4 disclosures. 

4. Formal Matters 

The Examiner's objection to original Claims 1 and 2 as lacking conciseness has been 
obviated by canceling the first of these two independent claims. 

The Examiner's clarity objection regarding original Claim S has been obviated by 
changing the "first reactor" and "second reactor" terms io "first catalyst bed" and "second 
catalyst bed 



99 
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An annotated version of the original claim set is attached to show the amendments made 
herein to the claims. Also enclosed are replacement Pages 12-13 setting forth the renumbered 
and rewritten claims on those pages. 

5. Conclusions 

In view of the foregoing comments, entry of the amendments presented and 
establishment of a positive Written Opinion with regard to novelty, inventive step, clarity and 
conciseness in connection with the international examination of this PCT application are 
respectfully requested. 

Very truly yours, 




Frank E. Reid 

Attorney for the Applicant 



Encl.: Amended Claims 1-9 (Annotated) 

Replacement claim Pages 1 2 and 1 3 
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Amended Claims 

1>CT APPlicgfinn No. PCT 'llS 1004/039340 



Please 



cancel Claims 1 , 6 and 7 and rewrite and renumber the remaining claims as follows: 



, (Cancel) A uiullu, f u. .il.nml y rrmm i no L u h u u nr nnrl hmadi u i L fi o m o rtrnnm, the 

yjo ooDD oompririnc rffl tt u uiufc the otr mm wit h u l . jdi U L UJUlii 1 S I hy n r n^n n tn 

b u tadiene and on oligomorizoii un L atolyn i n u ligonmwBO i rn m i mne- 

« 

J. A process for selectively removing isobutene and butadiene from an olefinic stream 
farther comprising linear butenes, the process comprising: 

(a) contacting the olefinic stream under hydrogenation conditions with a 
hydrogenation catalyst to selectively hydrogenate butadiene in the olefinic stream 
to butenes, butanes, or Cs+oligomers, and thereafter 

(b) contacting the olefinic stream under oligomerization conditions with an 
oligomerization catalyst to selectively oligomer^ isobutene in the olefinic 
stream to butane oligomers which are (timers or trimers; and thereafter 

(c) sending said olefinic stream to a C< recovery section wherein oligomers formed 
in Steps (a) and (by are separated from said olefinic stream. 

« 

5-2 The process of tm^f the preceding claims wherein said hydrogenation catalyst includes 
at least one metal selected from Groups 8, 9, 1 0 and 1 1 of the Periodic Table of Elements, 
preferably wherein said at least one metal is selected from nickel, palladium, platmum, 
rhodium, ruthenium and mixtures thereof. 

4, 3 The process of anv of the preceding claims wherein said hydrogenation catalyst also 
includes a porous inorganic oxide support, preferably wherein said porous inorganic 
oxide support is selected from silica, alumina, zirconia, titania, an aluminophosphate, a 
clay and a crysialline molecular sieve. 



PAGE 22/26 ' RCVD AT WO/2005 4:51:36 PM [Eastern Daylight Time] 1 SVRUSPTO-EFXRF-3/5 * DMS:2738300 » CSID:281 834 1231 * DURATION (mm-ss):06-18 




MAY-30-2006 TUE 03:57 PM EXXONMOBIL FAX NO. 281 834 1231 P. 

International Patent Application ]WcTAJS2 004/01 92-40 
Page 8 of 9 

4. The process of any of the preceding claims wherein said oligomerization catalyst includes 
a solid acid catalyst, preferably wherein said solid acid catalyst is selected from 
crystalline molecular sieves, substituted silicates, structured polyacids, acidified resins, 
mixed metal oxides and sulfated 2irconia. 

6. (Cancel) The process of a n y of the preceding claims wherein □ontaciiu^ die oucam with Ih p 

hydi u g u. ation catalyst p ii ^d c s coni n ni i n£ t ho nten n t > ,i ththc oligomcriaation catalyst. 

7. (Cancel) The process of any of thr pr r xcdmg claims wherein the contacting with t h w 

oligomcriaation catalyst is con du cted after the oontuoting with th n V > »di ozonation catalyst. 

5. The process of any of the preceding claims wherein the hydrogenation catalyst is 
contained in a first ***** catalyst bed and the oligomerization catalyst is contained in a 
second reactor catalyst bed downstream of the first reaeter catalyst bed, preferably 
wherein the hydrogenation catalyst and the oligomerization catalyst are contained in a 
single reactor. 

9_£ The process of claim 3 1 wherein itt the a nd further inclinin g pacing the olcfinic stream 
^matted in (b) to n recovery section to recover unconverted linear butenes are 
recovered. 

«fc 7. The process of claim 2 1 wherein said hydrogenation conditions include a temperature of 
from about 20°C to about 180°C, a pressure of about 0 to about 500 psig (100 to 3550 
kPaa), a liquid hourly space velocity of about 0.1 to about 50 hr-1 and a hydrogen to 
butadiene molar ratio of about 1 to about 10. 

, 8. The process of claim 3 1 wherein said oligomerization conditions include a temperature 
of about 20°C to about 1 80°C, a pressure of about 0 to about 500 psig (100 to 3550 kPaa) 
and a liquid hourly space velocity of aboui 0.1 to about 50 hr-1 . 
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a- P The process of claim # 4 wherein said crystalline molecular sieve is selected from 

faujasites. ZSM-5, ZSM-11. ZSM-12, ZSM-22 ; ZSM-23, ZSM-34, ZSM-35, ZSM-48, 
ZSM-50, ZSM-57, mordenite and zeolite beta. 
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CLAIMS: 

1. A process for selectively removing isobutene and butadiene from an 
olefmic stream further comprising linear butenes, the process 
comprising: 

(a) contacting the olefinic stream under hydrogenation conditions 
with a hydrogenation catalyst to selectively hydrogenate 
butadiene in the olefinic stream to butenes, butanes, or C 5+ 

oligomers, and thereafter 

(b) contacting the olefinic stream under oligomerization conditions 
with an oligomerization catalyst to selectively oligomerize 
isobutene in the olefinic stream to butene oligomers which are 

* 

dimers or trimers; and thereafter 

(c) sending said olefinic stream to a G, recovery section wherein 
oligomers formed in Steps (a) and (b) are separated from said 
olefinic stream. 

2. The process of the preceding claim wherein said hydrogenation catalyst 
includes at least one metal selected from Groups 8, 9, 10 and 11 of the 
Periodic Table of Elements, preferably wherein said at least one metal 
is selected from nickel, palladium, platinum, rhodium, ruthenium and 

■ 

mixtures thereof. 

3. The process of any of the preceding claims wherein said hydrogenation 
catalyst also includes a porous inorganic oxide support, preferably 
wherein said porous inorganic oxide support is selected from silica, 
alumina, zirconia, titania, an aluminophosphate. a clay and a crystalline 
molecular sieve. 

4. The process of any of the preceding claims wherein said 
oligomerization catalyst includes a solid acid catalyst, preferably 
wherein said solid acid catalyst is selected from crystalline molecular 
sieves, substituted silicates, structured polyacids, acidified resins, 
mixed metal oxides and sulfated zirconia. 
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5. The process of any of the preceding claims wherein the hydrogenation 
. catalyst is contained in a first catalyst bed and the oligomerization 

catalyst is contained in a second catalyst bed downstream of the first 
preferably wherein the hydrogenation catalyst and the catalyst bed, 
oligomerization catalyst are contained in a single reactor. 

» 

6. The process of claim 1 wherein in the recovery section unconverted 

« 

linear butenes are recovered. 

7. The process of claim 1 wherein said hydrogenation conditions include 
a temperature of from about 20°C to about 1 80»C. a pressure of about 
0 to about 500 psig (100 to 3550 kPaa), a liquid hourly space velocity 
of about 0.1 to about 50 hr-1 and a hydrogen to butadiene molar ratio 
of about 1 to about 1 0. 

t 

# 

8. The process of claim 1 wherein said oligomerization conditions include 
a temperature of about 20°C to about 180°C, a pressure of about 0 to 
about 500 psig (1 00 to 3550 kPaa) and a liquid hourly space velocity of 
about 0.1 to about 50 hr-1 . 

9. The process of claim 4 wherein said crystalline molecular sieve is ' 
selected from faujasites, ZSM-5, ZSM-1 1 . ZSM-1 2, ZSM-22, ZSM-23. 
ZSM-34, ZSM-35, ZSM-4S, ZSM-50, 2SM-57, mordenite and zeolite 
beta. 
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